Europédisches Patentamt
European Patent Office

> 9

Office européen des brevets

0 380 688
A1l

@ Publication number:

@ EUROPEAN PATENT APPLICATION
published in accordance with Art.
158(3) EPC

@) Application number: 89908256.4
@ Date of filing: 14.07.89

International application number:
PCT/JP83/00710

International publication number:
WO 90/00961 (08.02.90 90/04)

@ Int. c1.5. B29C 45/56, B29C 45/70,
B29C 45/76

&) Priority: 18.07.88 JP 178853/88

Date of publication of application:
08.08.90 Bulletin 90/32

Designated Contracting States:
CHDEFRGBIT LI

@) Applicant: Aida Engineering Ltd.
2-10, Ohyamacho
Sagamihara-shi Kanagawa 229(JP)

@ Inventor: UEHARA, Tadayoshi
7-7, Yokoyama 3-chome Sagamihara-shi
Kanagawa 229(JP)
Inventor: NAKAGAWA, Tatsuji
24-1-303, Kanumadai 2-chome
Sagamihara-shi
Kanagawa 229(JP)

Representative: Kraus, Walter, Dr. et al
Patentanwilte Kraus, Weisert & Partner
Thomas-Wimmer-Ring 15
D-8000 Miinchen 22(DE)

) INJECTING MOLDING METHOD INVOLVING PRESSING.

@ In an injection molding method involving press-
ing for producing a molded article by injecting a
= plasticized and measured thermoplastic resin into
<cavities through a sprue - runner - gate and cooling
o0it with a mold clamping force applied, the present
O invention provides a method for preventing the oc-
curence of weld marks, non-uniformity of injected
Oresin  quantities among a plurality of cavities,
wphotoelastic strain, flow marks, and the like. A cavity
formed inside the mold is in advance expanded to a
QO volume sufficient to prevent a branch flow of in-
flowing resin and is kept at a temperature sufficient
LLI for the resin to keep a fluidization state. The thermo-
plastic resin which is heated and is under a moiten
state is preparatorily measured and injected into this

expanded cavity in quantity greater than necessary
for obtaining a molded article. Before the full quan-
tity of this thermoplastic resin measured in advance
is injected into the cavity, the cavity is diminished.
At the point of time when the cavity is diminished to
a sum of the volume of the molded article and the
mold shrinkage quantity of the thermoplastic resin
due to cooling, this diminishing operation is con-
trolled in such a manner as not to leave any un-
charged portions inside the cavity which would
cause flow marks. At the time of its diminution, the
injection pressure is lowered to a pressure at which
the backflow of the thermoplastic resin, which might
have been over-changed into the cavity, from the
cavity due to the diminution of the cavity is not
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prevented and the resin can be injected to the FIG 3
uncharged portions where the resin might remain :
inside the cawity. The sprue is cut off when the
behaviour of the resin inside the cavity goes stable,
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DESCRIPTION
[NJECTION HOLDING WETHOD WITH STAUPING COMPRESSION

TECHNICAL FIELD

This invention relates to an injection molding
method with stamping compression, and more particularly to
an injection molding method witﬂ stamping compression mos &
suitable for molding articles which require high molding
precision and compositional hoﬁogeneity such as optical

l=anses.

Examples of typical known art for obtaining molded
articles from thermoplastic resin will be described Selow.

First, ths cavity is expanded preparatorily to
prevent the generation of weld mark on the surfa;e of moldead
articles, and thermoplastic resin in molten state which is
measured previously to a quantity requnired for obtaining
the molded articles is injected to the expanded cavity.

pfter this iajection operation 1is completed and the
gate is sealed, the thermoplastic resin injected to the
cavity is cooled to a take-out temperature with mold
clamping force applied, and the molded article is now

obtained.
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However, the method in prior art involves problems
as follows.

In the case when one mold has two or more cavities,
to completely equalize the easiness of resin flow into the
cavities is very difficult., Adccordingly, much resin 1is
injected into a cavity into which resin flow is easier than
the other, and unbalance occurs in the quantity of resia
“iiling the cavities,

[n addition. since the cavity is expanded to
areven: weld mark, when injection of measured resin is

comp.eced, resin flow stops lesaving a large unfilled portion

in the cavity is a result, flow marks tend to occur along
*43 %oundary line of the fitied sortion and unfitled
sortion

Furthermore, photoelastic distortion occurs ai a
point where the flow mark generates.

lnother example of prior art which is known 1s as

follows.

First, the cavity is preparatorily expanded to
orevent the generation of a weld mark on the surface of a
molded article, and thermoplastic resin in molten state is
injected to fill the cavity with the thermoplastic resin
completely.

Then, with the gate no sealed, the cavity 1is

reduced in volume and overcharged thermoplastic resin 1S
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caused to make backflow from the cavity. When the cavity 1is
reduéed to a desired volume, the gate is sealed, and the
thermoplastic resin is cooled and hardened under pressure.

However, the above-mentioned example of prior art
has a problem; that is, due to a large quantity of backflow
of the thermoplastic resin, photoelastic distortion tends to
occur around the inlet of the cavity.

In addition, both the former and latter examples
have the following problems.

Though'when the thermoplastic resin 1s cooled from
molcen state of & high temperature and hardened, its dynamic
modulus of elasticity varkes and the resin becomes nard,
the dynamic modulus of elasticity does not vary liasariy
throughout the temperature range during cooling, bu: the
dvnamic modulus of elasticity abruptly varies at a ceriain
temperature (glass transition point, Tz).

Because of this characteristic, if there occurs
temperature difference from part to part when the resin
temperature goes through the glass transition point while
being cooled, there occurs a portion where the resin is in
the solidified state and a portion where the resin is in the
molten state. In the conventional molding method, no
special consideration is given to the temperature difference
from part to part in the resin, and the process is proceeded

to the compression process. As a result, the portion in the
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solidified state tends to cause plastic deformation and the
internal composition tends to become heterogeneous.

The object of the present invention is to solve
above-mentioned problems.

In particular, the present invention provides an
injection molding method with stamping compression
characterized by free of unbalance in the quantity of resin
to be filled ia a olurality of cavities occurring due [0
oreparatory expansion of cavity for preventing weid mark at
the time of injection.

[n 2ddiction. the gresent invention provides an

g mathod with stamping compression ire2 0
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stopping of resin flow with a large unfilled porLion
remaining in th2 cavity when the iajection operaion
completed.

In addition, the preseat invention provides an
injection molding meathod with stamping compression freeg of
generating photoeslastic distertion resulting from the
backflow of a large quantity of resin from the cavity when
the cavity shrinks.

Further, the present invention provides an injection
molding method with compression capable of preventing the
internal composition of molded articles from becoming

heterogeneous and preventing plastic deformation of a
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portion where the solidification 66Eurs quickly, by
preventing presence of a portion of resin in a solidified
state and a portion of resin in a molten state together due
to temperature @}fference in the resin when the resin is
cooled and passes through the glass transition point to the

low temperature side.

DISCLOSUR OF I[NVENTION

In the injection molding method with stamping
compression according to the present inveation, the volume
of one or more than one cavities formed in the mold is
oreviously expanded to a Qolume which is more thaa tne sum

of

the volume of the article to be molded and a volume of
molding shrinkage due to cooling of the thermoplastic resia
and which is a volume sufficient for preventing divided flow
of resin flowing into the cavities, and the temperature is
controlled to level required for maintaining the injected
resin in a flowing state,

A plurality of cavities may be provided in a single
moled apparatus.

The resin to be injected is preparatorily measured
by a measuring injection means, e.g., an injection plunger
or the like. In this preparatory measuring, molten

thermoplastic resin of the quantity more than required for

obtaining a desired molded article is measured.



EP 0 380 688 A1

6 'j':‘:.-_

The thermoplastic resin thus measured is injected
into one or more cavities formed in a mold. No divided flow
occurs in the resin flowing into the cavities and
accordingly no .weld mark 1is generated-because the cavity is
expanded and cavity temperature is maintained at flow
temperature of resin or higher.

The cavity begias to shrink before the completion
of injection operazion of the resin, and the cavity

ing operation and resian lnjeciion speed are controlled

w
fon of
L
jud |
>

so :%at no unfilled nortioa which is large gnough 10

z2an2rate a flow mark remaias in rha cavity wnea 512 S3avity

s raduced to 3 volume egqual to tie sum of the vo.ime of the
sr-icle to be moidsd and a2 volume 32 mol2ing shiria<age duse
o the cooling of the thermoplastic resin.

e

The injection gressure of the resia 1s lowered o
the retaining pressure wnicia does ot obstruct backfiow to
the cavity of the resin likely to be overcharged to the
cavity due to the cavity contraction and which alliows the
injection of the resin into any unfilled portion likely to
remain in the cavity when the cavity is contracted at least
to a volume equal to the sum of the volume of the molded
article and a volume of molding shrinkage due to the cooling
of the thermoplastic resin.

dccordingly, at this point, the internal pressure

the cavity in which the resin is slightly overcharged 1is

(@)
1
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higher than the retaining pressure, and therefore slightly
overcharged resin backflows due to the pressure difference
with the retaining pressure.

On the 'other hand, to the cavity haviang a slightly
unfilléd portion, the resin keeps flowing by the resin
retaining pressure and backflow pressure from other cavity.

When the volume of the cavity is contracted to a
value equal to the sum of the volume of the molded article
and a volume of molding shrinkage due to the cooling of the
thermoplastic resin in the cavity and behavior of the resin
in the cavity becomes stabls, the sprue is sealed, and all
cavities are filled with the resin of the quanatity
determined hv taking into account the molding shrinkage due
to cooling.

is already mentioned, thermoplastic resia has a
character that its dynamic modulus of glasticity increases
with cooling down and the resin 1is hardened. Particularly,
when it goes through the zlass transition point, its dynamic
modulus of elasticity abruptly varies. In addition to such
character, resin has a character that its dynamic modulus of
elasticity increases by increasing the pressure even if
temperature is the same, and its glass transition point
shifts to the higher temperature side.

This means that thermoplastic resin is easily

hardened at a high temperature (temperature, e.g.,130 °C,
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at which acrylic resia is in a flow state under normal
pressure) correspondingly when a high pressure is applied.
The present invention utilizes such character of
thermoplastic resin.
When the sprue is sealed, temperature in the cavity
is maincained to a temperature at which the resin ke=ps the

flow sctate under normal pressure, and the resin in the

cavity is ia such a condition that pressur2 can oe
transmicted uniformly to the en.ire poriion.

[f mold clampiaz force is applied @0 the caviiy in
sqi: caadition. the rasia iaothe cavity increasa itts dvnamic

modulus of alasticity wictaout accompanying temperaiurs

lccording o tne present invention., by appivring a
oressure winich can orovide dynamic modulus of elasticizy of
rhe resin at normali temperature and normai pressure to fae
resin in the cavity after the sprue is sealed, the rasia can
he hYardened without temperaiure drop or with a siight
temperature drop.

The resin whose dynamic modulus of elasticity 1s
increased by applying pressure is cooled in the cavity.

1s described above, thermoplastic resin has a
characteristic that its dynamic modulus of elasticity
increases when cooled. lccordingly, by decreasing

comprassion force as the resin 1s cooled, the restin in tne
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cavity is cooled down to é take-out temperature while
maintaining the dynamic modulus of elasticity of the resin
in the cavity to the dynamic modulus of elasticity at the
time of normal -temperature and normal pressure.

When the resin in the cavity is cooled to the
take-out temperature, the resin forms a complete molded
article. Yow, the molded article 1s taken out by opening

the cavity.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 is a sectional view nf a injection molding
apparatus with direct pressure type stamping compression 9
he used 1n the present lavention cutb away aiong the centier
line of a mold clamping cvlinder:

Fig. 2 is a sectional view of an ianjection molding
apparatus with stamping compression shown in Fig. 1 cut away
along the center line of tis bar;

Fig. S is a flowchart showing the operation of the
present iavention;

Fig. 4 is a view showing the appearance of the
cavities when 90% of preparatorily measured resin is
injected;

Fig. 5 is a view showing the appearence of the

cavities when 95% of the preparatorily measured ressin is

injected;
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Fiz. 6 is a view showing the appearance of the
cavities when 96% or more of the preparatorily measured
resin is injected; and

Fig. 7 'is a view showing the appearance of the

cavities after a gate is sealed,

BEST 9Y0DF FOR CARRYING OCUT THE I[NVEMNTION
Figs. 1 and 2 show an sxamole of injection moidling
apparatus with stamping Compression to Ge usad for nmoldinz

in accordance with the method of the present invention.

On the uoper =2ad 37 tiz 5ars 2 slanted a: four
corners of a fixsd olaze L. 3 cylinder fixing plaie 4. on
nich o3 mold clame <cviiadsr ) is atcached. Is unmovaoty

]

To the end of a giston o of the moid clamp cylinder

3,

movable plate 5 is fixed. This movahle plate § ascends

ju3)

and descends along tue :tie vars as the piston 5 advances
and retracts.

On the top face of the fixed plate 1, a lower mold
plate 7 is fixed, and in the lower mold plate T lower mold
inserts 8 and 9 are contained.

On the bottom face of the movable plate 6, an upper
mold suspension member 10 is fixed.

An upper mold plate 1 being in contact with the

lower mold plate 7 is suspended from the upper mold
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suspension member 10 by bolts 12 and 13. 2 compression
spring 14 provided around the bolt 12 and a compression
spring 15 provided around the bolt 13 produce a departing
force between the upper mold suspension member 10 and upper
mold plate 11.

Upper mold inserts 16 and 17 are provided in the
upper mold plate 11 at points just above the lower mold
inserts 8 and 9 respectively in a manner permitting

ascending and descending.

--1

Head flanges 16z and 17a of the upper mold inserts
16 and 17 exist in an intaraal space [Ja of the upper mold
suspens?on member 10.- The head flanges 1ba and 17a are
supported in the interaal space 10a of the upper mold
suspension member 10 by compression sorings 18 and 19
respectively. and the top end faces of the hsad ftanges 16a
and 17a are in contact with the bottom face of the movable
plate 6.

Inside the compression springs 18 and 19, return
pins 20 and 21 are provided respectively to zuide the
compression springs 18 and 19.

4s detailed in Fig. 2, an auxiliary cylinder 22 is
screwed to the bottom end of each tie bar 2, and the end of
a piston 23 of the auxiliary cylinder 22 penetrates a lower
o=

flange 24 and is screwed to a bottomed cylindrical case &3.

On the top end face of the case 25, a pin 26 is
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installed vertically. This pin 26 passes through a through
hole formed in the fixed plate 1, and can ascend and
descend.

)y vertically lonz spacer ring 27 is disposed around
the tie bar 2, and the bottom surface of the spacer ring 27
is supported by the pin 26.

[n an injection cvliader 28 for measuring and
injeci.nz molten resian., a pluanger 2% is providad. The

the injection cvlinder

L
or
"1
[e})
O
1
[%]
o 3

olunger 29 advances and r

28 by a3 driving mechaaism, 2.3 a hydraulic cylinder f{not
saown)

Y nozzle 2% of ine iniec:ion cvlinder 23 is
isaressed o a sorue 20 of tae iower wmoid siate | ooy

culinders (not shown). aad :he sprue 30 is conascied to 2
zate 3% of a cavity 32 and a zate 33a of a caviiy 338

throuzh a runaer 21 formed on junction surfaces of the lower
mold plate 7 and the upper mold plate 11.

) fixed member 34a fixed to the {ixed plate 1 and a

cv
o

moving member 34b fixed the movable plate b together make
a position sensor 34 for detecting the position of the
movable plate 6.

More particularly, the fixed member 3da and the
moving member 34b make, for example, a potentiometer, and as

the movable plate 6 ascends or descends the relative

distance of the moving member 3db from the fixed member 34a
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varies. Since the position of the fixed member Jda is
fixed, the output of the position sensor 34 primarily shows
the position of the movable plate 0.

is the'movable plate 6 ascends or descends, the
upper die inserts 16 and 17 ascend or descend. Since the
volumes of the cavities 32 and 33 are determined according
to the ascending and descending positions of the upper mold
inserts 16 and 17, the ouctput of the position seasor 34
eventually iandicates the volumes of the cavities 32 and 33.

The reference number 33 denotes a positiion seasor
for indicating the position of the plunger 23, Though tne
position seasor 3O primarily indicates the position of the
plunder 23, the difference hetween the presen: position of
the plunger during injection and the initial position P
corresponds to the gquantity of injected resian on tne oremiss
that the plunger initial position P at the tiwe of
completion of the preparaiory measurement is fixed.
Accordingly, the gquantity of injected resin can be knowuwn
from the output of the position sensor 35.

Now, referencing the above information the
operation to form a minus leas from acrylic resin according
to the method of the present invention will be described.

Fig. 3 (flowchart) will facilitate understanding of
the present invention.

First, acrylic resin (raw material) is heated and
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is in a molten state.

In addition, temperature in the cavities 32 and 33
is adjusted to 130 °C at which acrylic resin can maintain
flow condition -under normal gressure.

Further, a hydraulic circuit conaected to a port
293 of an auxiliary cylinder 22 is not closed, and the
piston 23 is readyv to be asceaded or descended by an

external force. la other w~ords. the auxiliary cylinder 22

(@]

is in the condition that the loweriang of the movaole slate
is not interfered by :this cyiinder.
when oil is suspli=2d 22 a 2ort 3a of the =mold clamp
1

sliader 2 after the inizial seitcianz. the pisica O advances

(@)

ni low27r the movabls piacs

14

03]

s the movable pila

“r
[q1]
b

3} descendsx the upoer mold
susoension member 10 also descends. aad the uppar moid
5laie 11 also descends via the bolts 12 and 13. The upper
molid plate 11 and the lower mold plate 7 are joined by the
departing force of the compression springs 14 and 13 created
betwean the upper mold suspension member 10 and the upper
mold plate 11.

In addition, since the bottom face of the movable
plate 6 and the upper flanges 16a and 17a of the upper mold
inserts 16 and 17 are in contact with each other, when the

movable plate 6 descends, the upper mold inserts 16 and 17

also descend.
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15 the upper mold inserts 16 and 17 descend,
volumes of the cavities 32 and 33 decrease, and eventually
the volumes of the cavities 32 and 33 are reduced to a value
equal to 150% of the volume of the lens to be molded. The
value “150%” is a volume required for not generating divided
flow for acrylic resin‘flowing into the cavitiss 32 and 33,
and varies according to the shapes and fludity of the resin.
It is also required-that the volumes of the cavities 32 and
33 can store acrylic resia of quantity greater than that

v

required for molding the lens.

ke
]

Yolumes of cavi:cies 32 and 33 varying as

movable plate f descends caa de known. by the position sensor

34, %hen the ouiput of ithe sositiom sensor indicates :the

(6]
(.

£

O- (O}

o

to |

D

reduction of volumes of the cavities 32 and 3
volume of the lens to be molded at aormal temperature and
normal pressure, the auxiliary cylinder 22 operates to fix
the volumes of the cavities 32 and 33 in that position.

More particularly. the hydraulic circuit coanected
to the port 22a of the auxiliary cylinder 29 is shut off by
a shut-off valve or the like. and as a result the position
of the piston 23 is fixed. Since a pin 96 and a spacer ring
97 are mounted on the top of the cap 25 connected to this
piston 23, fixing the position of the piston 23 interferes

with lowering of the spacer ring 27.

a7

As a result, since the spacer ring 27 supports the
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movable plate 6 in that position, the volumes ot the
cavities 392 and 33 are fixed. 3ds this time, the propelling
force of the mold clamp cylinder 3 is also cotrolled so as
to fix the volumes of the cavities 32 aand 33.

Ia this manner, when the volumes of the cavities 32

and 33 are fixed to a volume equal to 130% of the volume of

the leas to be molded at normal temperature and normal

sressure. preotaraiory measuriag operation 1S performed by
the injection cylinder 28.

First. when resin is loaded to the ini2ction
cv.inder 28 {rom 2 screw mecianisa or other mechanisz ‘a0t
sh0wna). the stunzer 29 retrac:is withia the iajection
< iadar 93 Tha2 zmouat of reiraciioda of the2 piungar 29

or
D

corresponds to the amount of reisn {lowing into i

on of the

r—-

iniection cvlinder 28, aad the amouat of retract
olunger 29 can be known by the position sensor 3J.
“hen the plunger 29 is retracted to the position P.

acrylic resin of quantity more than required for obtaining a

(%)

molded leas is stored in the injection cyvlinder 28.

When the output of the position sensor 55 indicates
that the plunger 29 has retracted to the position P, the
preparatory measuring operation ends, and injection
operation starts,

The injection operation of resin is performed Dy

raising the plunger 29.
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When the plunger 29 ascends in the injection
cylinder 28 by means of a hydraulic cylinder or the like
(not shown), acrylic resin stored in the injection cylinder
98 by the preparatory measuring operation starts to flow
into the cavities 32 and 33 through the route of nozzle 28a
- sprue 30 - ruaner 31 - gates 32a and 33a.

1t ihis time, since the temperature in the cavities
39 and 33 is set to 130 °C at which acrvlic resian (material)

,
is maintained in a flowing state. acrylic resin flowing into
the cavities 32 and 33 is kept in a flowing state,

In addition, at this time, the volumes of the
cavities 32 and 33 are expanded to a volume equal o 130% of
the volume of the ltens to be molded at the normatl
temperature and normal pressure. injected resia {lows into
the cavities 32 and 33 without being divided. dccordingly.
no weld mark is generated. 4t this time, quantities of
resin flowing into the cavities 32 and 33 are nct always the
same, and more resin figw into the cavity of smaller fluid
resistance.

is the injection operation progresses, the output
of the position sensor 35 varies, and the quantity of the

injected resin can be known by the output of the position

sensor 39.

By the way, when the volumes of the cavities 32

and 33 are reduced after total quantity of preparatorily
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neasured resin (more than required for obtaining a molded
article) is injected, a large amount of backflow of resin
from the cavities 32 aand 33 occurs owing to the mold
clamping action-and photoelastic distortion occurs around
the zates 32a and 33a of the cavities 32 and 33.

lccording to the present invention, in order to
srevent the generation of a large amount of backflow at the
rime of mold cilamping. a largs amount of ovarciarge (o the

s 22 and 33 is prevenzed by loweriag the upper mold

O
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On :he other aaad. if
99 and 23 are reduced ia the early stage of the injection

ion, diveded flow of in occurs ia the cawvities 32

O
O
[¢/]
y
(&3]
cr
-1
[¢9]
w
—

and 23 and a weld line is generated at the junction of tue
divided flow.

iccording to the present invention, the reduction
operation of the volumes of the cavities J2 and 33 is so
timed that it is performed when resin has flowed into the
cavities 32 and 33 to the extent that a weld line does not
occur even when the volumes of cavities 32 and 33 are
reduced.

) proper timing of reducing the volumes of the

cavities 32 and 33 varies according to the charactier of
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resin, shape of the cavities 32 and 33, and so on,

For example, in the case of forming a minus lens
from acrylic resin, it is desirable to start reduction
operation of the cavity volume after the front end of resin
fiowing into the cavities 32 and 33 passed the position of
the optical axis of the leas (i.e., after the front end of
flowing resin completely passed the narrowest part of the
thicknesses of the cavities 32 and 23). In addition, for
determining the reduction stiart timing of the cavity volume,
difference in easiness of f}owing betwesen into the cavities
29 and 33 must be taken iato account.

In Figs. 4 thru 7. assumption has been made thai
the cavity 32 (right side) is smaller in flﬁid resistance
than the cavity 33 (left side) and is easier for resin to
flow into. The figures of percentage used in these figures
denote the ratio of the volumes of the cavities 32 and 33 o
the volume of the lens to be molded.

First, Fig. 4 shows the state when the front end of
resin 36 flowing into the cavity 33, which has greater fluid
resistance and accordingly resin flow into which is harder,
passed the optical axis position.

The cavity volume reduction operation is started
after the output of the position senmsor 35 indicates that
the injection operation has progressed to the extent that

resin of the quantity equal to 90% of preparatorily measured
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rasia is injected, providad it has been verified by trial
operations that the state in the cavities 32 and 33 is as
shown in Fig. 4 when the injection operation progresses (o
the extent that resin of the quantity equal to 30% of
preparatorily measured resin is injected. Injection
operation of resia 36 continues while this cavity volume
reduction operation is being performed.

For :he cavity volume reduction, f[irst tiaz
hvdraulic circutt of

i3 opened.

khen -4e avdraullc circuit connectied Lo ind port
2993 is not closad. the loweriang of the spacer riag 2T, zin
26 -332 25, and giston gia 23, and movab%e clate o 1s a0t
obs:iructed. Though the auxiliary cyliader 22 is not

-
Lad
joh
(4]

dentioned in the followianz, the nydraulic circutit o
auxiliary cylinder 22 is opened at the time of advance of
the @old clamp cylinder 3, and the hydraulic circuit of the
auxiliary cvlinder is closed at the time of fixing tne
cavity position.

-
1
i

is the upper mold inserts 16 and 17 are lowered by
supplying oil to the port 33 of the mold clamp cylinder 3,
the volumes of the cavities 32 and 33 are reduced.

At this time, injection pressure of resin by the

olunger 29 is lowered to 100 kgf/cm?. The meaning of this

injection pressure 100 kgf/cm?®” will be described in detail
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later.

By the continuous supply of resin from the
injection cylinder 28 and reduction of volumes of the
cavities 32 and'33, resin 36 having flowed into the cavities
flows deeper into the cavities 32 and 33.

The injection operation of resin by the plunger 29
at the injection pressure 100 kgf/cm? is preformed together
with the volume reduction operation of the cavities 32 and
33 by the mold clamp cylinder 3, and it 1s controllad so
that the volumes of the cavities 32 and 33 are reduced to
110% of the volume of the leﬁs to bs molded when 33% of
preparatorily measured rasin is injected.

The valus 110% varies according to thne character of
resin used and the shape of the cavity, and it is not a
fixed value. YNow, the meaning of 110% and the meaniag of
100 kgf/cm? (injection pressure) will be described in
detail.

issume that the volume of the lens to be molded is
100%, retaining pressure to stabilize the quantity of resin
flowing between the cavities 32 and 33 is 30 kzf/cm?, and
molding shrinkage rate of the lens due to cooling from the
condition with this retaining pressure applied is 3%, then
when entire injection operation is finished and the sprue is
sealed by the sprue cutter 37, the volumes of the cavities

32 and 33 need to be 103% of the volume of the lens to be
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molded. dnd, for =xample, assume that when 95% of
preparatorily measured resin (Fig.3) is injected, the
cavity 32 is completely filled, then the cavity 32 is in the
condition of overcharge by the amount corresponding to the
volume equivalent to the difference (5%) of 110% and 103% of

di rence (70 kgf/cm?) of injection pressure 100 kzf/cm?

o
aa )
(48]

and retaining pressure 30 kzi/cm?.
9

iccordiaglyv, whean the volume of the cavity 32 is

duced to a volume eauivalent to 105% of the volume of ihe

3
44}

L

ns :o he molded (Volume with molding shrinkage due to

-

csnling considered). ovarchargzed resia tackilows f[rom tae

amount of backilow exceeds a cerialn

.
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t
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o
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al owasle valu2. zhnotoetlastic distorction occurs in iae
yicinity of the zate a2a of the cavity 32. The value 110%

0o a volume and the value 100 x3f

vy
[¢0]
—
[s?]
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oressure determined so that the amount of the backflow

occurring when the ianjection pressure is decreased o

[
=

retaining pressure of 30 kgf/cm? and the volume of the
cavity 32 reduced to a volume equivalent to 103% of the
volume of the lens to be molded does not exceed said
allowable value.

Similarly, it is said that the volumes of the
cavities 32 and 33 are reduced to a volume equivalent to
110% of lenses to be molded when 83% of preparatorily

measured resin is imjected. The value “95%7 is variable
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according to the character of resin used and cavity shape.

The meaning of the value 95% will be described in
more detail.

Due to. the difference in the easiness of resin flow
betwsen the cavities 32 and 33, when the volumes of the
cavities 32 and 33 are reduced to 110% of the volume of the
lens to be molded, the cavity 33 would have an unfilled
portion even if the cavity 32 is filled‘campletely.

At this time, since the cavity 32 is completely
filled, a large internal pressure is generated in the cavity

29 and its fluid resistance incfeases abruptly, While the

3
fluid resistance of the cavity 33 having an unfilled portion
has only a small fluid resistance. ls a result, after tue
cavity 32 is campletely filledﬂ'a greater part of injactead
resin flows into the cavity 33.

{qg addition, in ihe process of reducing the volumes
of the cavities 32 and 33 to a volume equivalent to 103% of
the lens to be molded including the molding shrinkage. resin
backflowed from the cavity 32 and resin injected from the
injection cylinder 28 flow into the cavity 33. 4ds a result
of the flow of resin into the cavity 33 and the volume
reduction of the cavity 33 itself, unfilled portions in the
cavity 33 are filled with resin.

However, when the unfilled portion remaining in the

cavity 33 at the time when the volume of the cavity 33 is
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reduced to a volume equivalent to 110% of the volume of the
lens to be molded is larger than a certain value, unfilled
portion remains in the cavity 33 when the volume of the
cavity 33 is reduced to a volume equivalent to 103% of the
volume of the lens to be molded.

dccordingly, when the maximum value of difference
in easiness of resin flow between cavities 32 and 3
consi:dered, the value “93%Z7 is determined so as tec be in the

c

2 whers the cavity 22 oi easy resin {low 1s not

e
[s%)
-
(9]

charged to cause phoiocelastic distortion, and the cavity
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<

45}
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icul: resia flow dose not "gave unfilled portion zt
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the time when the volume of the cavities 1s reduced o th2

o 10CE of that of the lens to oe wotide
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Yow. when the position sensor 33 detects the
injection of resin in the amount eiuivalent to 533 of
preparatorily measured resin, the mold clamp cylinder 3 is
controiled so that the volumes of the cavities 32 aad 32
become a volume equivalent to 110% of the volume of the lens
to be molded, and injection pressure of resin by the plunsger
29 is lowered to 30 kgf/cm®.

Accordingly, by this injection pressure 30 kgf/cm?
resin injection operation further continues.

When the amount of injected resin exceeds 95% of

oreparatorily measured amount of resin and reaches 36% of

the amount of preparatorily measured amount of resin, the
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amount of oil to be supplied to the port 3a of the mold
clamp cylinder 3 is further increased and the volumes of the
cavities 32 and 33 are reduced to a volume equivalent to
105% of the volume of the lens to be molded.

As shown in Fig. B, in the process in which the
volumes of the cavities 32 and 33 are reduced to a volume
equivalent to 105% of the volume of the lens to be molded,
overcharged resin backflows from the cavity 32.

At the same time, the unfilled portion which
remained when the volume is equivalent to 110% of the volume
of the lens to be molded is filled with resin by the
reduction of volume of the cavity 33 and with resin flowing

)
4

by backtlow pressure {rom the cavity 32 and by the imjection
oressure 30 kgf/cm? from the injection cvlinder 23. The
cavity 33 is also filled completely when the volume of e
cavities 32 and 33 reaches 105% of the volume of the lens to
be molded.

The injection pressure 30 kgf/cm? is the
aforementioned retaining pressure, this retaining pressure
does not obstruct backflow from overcharged cavity 32, and
it is a pressure which can urge resin flow to the cavity 33
in which unfilled portion remains. It varies according to
the shapes of the cavities 32 and 33 and the character of

resin.

Now, at the time when the volume of the cavities
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32 and 33 are reduced to a volume equivalent to 103% of the
volume of the lens to be molded, both the cavities 32 and 33
are filled with resin campletely, and it is possible that a

greater pressure than the injection pressure 30 kgf/cm? is

generated in the cavities 32 and 33 by filling of resin.

fhen this condition continued for a certain period
of time (this time varies according to the fluidity of resin
and the shape of the cavity 5u: normally several seconds),

‘nternal pressures of the cavities 32 and 33 are balanced.

lfter the lapse of time required for the 5aiancing
5f the iaternal oressures (or wnen :the internal pressur=s of
the cavities 32 and 33 are direcily detected and Goin
salues detecried are in Satance with retainiag pressure of
30 kzi. cm®,) the sprue cutter 37 is caused to entar the sprue
30, and the resin injection operation is brough: to 2=nd

After the completion of the injection operation,
the stamping process starts.

First, temperature in the cavities 32 and 33 is set

to 130 °C throughout the process of the injection operation.

At the temperature of 130 °C, resin is kept in a [low state.
dccordingly, though injected resin is cooled to
130 °C (temperature of molding apparatus) through the heat

exchange with the molding apparatus, the resin in the

cavities 32 and 33 maintains the flow condition and in the

condition wherein the pressure is uniformly applied.

“aa g
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Therefore, when a pressure of 1013 kgf/cm?® is
applied to the resin in the cavities 32 and 33 by supplying
0il to the port 3a of the mold clamp cylinder 3, this
pressure is applied to the resin in the cavities 32 and 33
uniformly.

is mentioned already, thermoplastic resia is
characteristic in that its dynamic modulus of elasticity
increases and the resin is hardened as the resin is cooled.
and the dynamic modulus of elasticity also increases and the
resin is hardensd when a pressure is applied.

The above-mentioﬁed 1013 kgf/cm® is a gressure
which can provide dynaﬁic modulus of elasticity of the resin
at normal temperatura and normal pressure (maturally the
dynamic modulus of elasticity excaeding that of glass
transition point of acrvlic resin) aven when acrylic resin
(material) is at a temperature as high as 130 °C. The
value of this pressure is established according to the kind
and temperature of the resin.

When resin which is in a flow state under normal
pressure is hardened by pressurizing to the pressure which
gives dynamic modulus of elasticity equal to that of the
resin at a normal temperature and under normal pressure,
molded articles are excellent in compositional homogeneity
because temperature difference does not occcur when the resin

in process of hardening passes through the glass transition
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temgerature.

The resin hardened by pressurization is cooled in
the mold. By controlling the pressure of the mold clamp
cylinder Ja as the resin is cooled, the resin is cooled to
95 ° C, which is a take-out temerature, wshile maintaining
dynamic modulus of elasticity to that of the resin at nomal
temperature and under normal pressure.

Pressure control during this process is periormed
in the manner as shown delow.

Firs:, the pressure which gives dynamic modulus of
elasticity equal to that of resin at a normal tamperature

and normal oressurs is determined primarily by the

1]

temperacture of ths resin. and as tY12 resin temparaiure
decreases. the pressure waich gives modulus of elasticity
equal to that at a normal temperaturs and under normal
pressure decreases. Therefore, 1in this embodiment, the
oressure applied to the resin by the mold clamp cyliader Ja
is reduced as the resin temperature is decreased to the
pressure so that constant modulus of elasticity 1is
obtainded. In other words, in this embodiment, the pressure
applied to the resin by the mold clamp cvlinder 3a is
decreased so as to cancel out the increase of dynamic
modulus of elasticity of resin as the resin is cooled.

When the resin is cooled to 85 °C (take-out

temperature), the movable plate 6§ is raised by supplying oil
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to the port 3b of the mold clamp cylinder 3, and the lens is
taken out by opening the junction of the lower mold plate 7
and the upper mold plate 10.

Winus lenses of average mass 1§.430 g and diameter
70 mm were molded from acyrlic resin by the method according
to the present invention, and a comparison with similar
lenses molded according to the conventional method was made.
The result is as follows:
(1) Difference in charge quantity hetween cavities
(1eft and right) when two cavities were provided in the mold

apparatus.

av

iverage difference was 4.9% in the case of

conventional method while it was 0.5% in tne case of
method according to the present invention.
(2) Photoelastic distortion

Double refraction which is a result of photoelastic
distortion was compared. The double refraction of lenses in
accordance with the canventional method was 200 am/cm,
whereas that of lenses in accordance with the present
invention was 20 nm/cm.
(3) Flow mark generation

Flow mark generation for entire moldings was 3.0%
in the conventional method, while it was 1.0% in the molding
method of the present invention.

As shown above, the molding method of the present
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iavention can sufficiently be employed in the moldinz of
products whose precision and stable molding 1s considered
difficult, such as nonspherical optical lens.

The essence of this invention 1s
to prevent generation of weld mark due to flow resistance by
injecring resin into the cavity which is expanded to a

vsolume more than the volume obtained by addiag a volume of

e

an article to be molded and moldiag shrinxage resulted from

the cooling of :the resia and a volume suf

srevencing divided {low of resin and 1s set 1o a temperaiurs
Sizhar than reguired for maiatainiag 2 flow stat2 2f ine
rasin

-5 orevaat iambalance of guaniiiy of rasia flowed iato

"y
~n

sraat cavities by reduciag the volume of tune cavities
Sefore the total quan:ti:y of preparetori.y measursad resia is
injected,

to arevent generation of photoelastic distortion and a flow
mark by preventing stop of resin flow in the cavities oy
sontrolling the injection pressure, injection quantity, and
cavity volume in the reduction process of cavity volume; and
to maintain compositional homogeneity of the molded article
and prevent plastic deformation by reducing the temperature
difference when the resin passes the glass transition point
by hardening the resin in a flow state after completion of

injection by only applying pressure which gives dynamic
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modulus of elasticity aqual to that of resin at a normal
temperature and under normal pressure. [t goes without
saying that various numerical conditions must be determined
properly depending on the kind of resin, shape of articles:
and other factors.

41though an embodiment with regard to molding minus
lenses from acrylic resin has been described, it is apparent
that the method of present invention is applicable not only
to plus lenses, but also to other molded articles than

lenses.

lccordiang to the so far descrihed present

1
v

invention. the cavity volunme is expanded to a volume capaule

tow of resin during the period from

[

of preventing divided
the start of injection at least to the time when the front
end of resin flowing into the cavity passes the narrowest
portion of the cavity thickness, and the cavity temperature
is set at a level higher than the temperature at which the
resin can mainfain the {low state during the period from the
start of injection to the completion of injection.
Therefore, generation of weld mark can be preventead.

In addition, according to the present invention,
the cavity volume reduction operation is started after the
injection process has been advanced to the extent to prevent
generation of weld marks and before the total quantity of

the preparatorily measured resin is injected. dnd the
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and injection quantity are controlled so

in the cavity and

not occur while the cavity

volume including the amount of shrinkage for

1.2 the volume of the product. In this

PP |

e in the quantity of resin injected among a

ities can be preventead.

rion, according :to the present invention,

4 £

injected is in a flow state aad resia flow

=1

ti!l resia of desired amoun: is linjected,

otselastic distortion and a flow mark caused

07 can e prevented.

tisn, accoriiag to the prasent iaveation.

internal plastics does not occur. Jecause

a temperature capable of maintaining 'thae

e time of completion of the injection

he resin is hardened by pressuring and

ature difference dose not occur when it

cransition point in the process that the

the flow state to solid state and is

dition, by lowering the pressure so as to

ncrease of dynamic modulus of elasticity due

e later cooling process the dynamic modulus

resin being cooled is maintained at the

of elasticity of the resin at normal
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temperature and normal pressure, plastic deformation in the
resin can be prevented. Accordingly, the generation of
photoelastic distortion caused by plastic deformation and

heterogeneity in the resin can be prevented.
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3.4
CLAIMS

1) An injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resin is injected to a cavity through a sprue part, runner
part, and gate part, and cooled with a mold clampinz force
applied to manufaciure a lens., comprisiang:

reparaioriiy measuriag a quantity of molten

k)

ic resin required for obtaining a lens ¢ be

ot
-

thernoolas

moldied or mor= and iajsctiag into a cavity having a volume

S2inz 2%panded preparaiority to a volume larger thaan th=2 sunm
oi the volume oY :the l2ns 0 he noilded and a voiume of

L. I - - b P 1 - fod - - P
m01ding2 shriakaze due o th2 coosiianz of satid therwopliastic
£ c -

rasin and beiagz =xpandz2d greparatorily to a sufficisnt

n
P
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volume or more for pravansiag divided fio
wlith 1.s temperature beiaz set at a level eaqual to or higher
than a temperature capaoie of maintaining injectad resin in
a flowingzg s}ate:

reducing the volume of said cavity to a volume
equal to the sum of the volume of the lens to be molded and
a volume of molding shrinkage due to the cooling of the
thermoplastic resin after the injection proceeded to a
sufficient quantity for the front end position of the

chermoplastic resin injected to the cavitv to pass the

portion of an optica! axis of the lens to be molded but
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before the total quantity of the preparatorily measured
thermoplastic resin is injected, reducing the injection
pressure to a retaining pressure not obstructing backfilow of
said thermoplastic resin due to the reduction of the said
cavity having the possibility of being overchargsd and
allowing the flow-in of said thermoplastic resin to a cavity
having the possibility of 1gaving unfilled portions, and
controlling the reduction spesed of the volume of the cavity
and the injection speed of the thermoplastic resia so that
there is no unfilled portion in the cavity when the volume
of the cavitv is reduced to a volume =sgqual to the sum of ihe

molded and the volume of the

[47]

volume of the lens to ©

L

the coolinz of rthe thermopiasiic

o
[}

molding shrinkage due
resin:

sealing a sprue part when the behavior of the rasin
in the cavity is stabilized:

and

il

«r

cooling the resin injected into the cavity un
the resin is cooled to a take-out temperature while applying
pressure and hardening the resin.
(2) 4n injection molding method with stamping
compression according to Claim 1 wherein plasticized and
measured thermoplastic resin is injected to a plurality of
cavities formed in a single mold apparatus through a sprue

part, runner part, and gate part.
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(3} da injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resin is injected to a cavity through a sprue part, runner
part, and gate bart, and cooled with a mold clamping force
applied to manufacture a lens, comprising:

preparatorily measuring a quantity of molten
thermoplastic resin required for obtaininz a lens to ae

mol!ded or more and injecting into a cavity having a volum=

1

5eing 2xpaaded prepgaratorily to a volume largar thaa Ine su
nf the volume of the leas to be molded and a volume or
molding shrinkagzs duz to the cooling of said thermop.zstis

resia and being expanded praparatoriiy {0 & su

]
!
oy
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ou
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L
v

o

valume Or WOTe (07 Srew
with its tempera:ure being set at a leval egqual

c

than a temperature capable of maiataining iajec:iad resin «a

o8]

flowing state:

reducing the volume of said cavity to a volume
equal to the sum of the volume of the leas to be molded and
a voiume of molding shrinkage due to the cooling of the
thermoplastic resin after the injection proceeded to a
sufficient quantity for the front end position of the
thermoplastic resin injected to the cavity to pass the
portion of an optical axis of the lens to be molded but
before the total quantity of the preparatorily measured

thermoplastic resin is injected, reducing the injection



EP 0 380 688 Al

pressure to a retaining pressure not obstructing backflow of
said thermoplastic resin due to.the reduction of the said
cavity having the possibility of being overcharged and
allowing the flow-in of said thermoplastic resin to a cavity
having the possibility of leaving unfilléd poftions, and
controlling the reduction speed of the volume of the cavity
and the injection speed of the thermoplastic resian so tnat
there is no unfilled portion in the cavity when the volume
of the cavity is reduced o a volume equal to the sum of tne
volume of the lens to be molded and the volume of the
molding shrinkage due to the cooling of the thermoplastic
resin:

sealing 3 sprué oart when the behavior of the resin
in the cavity is stabilized:

hardening the resin injected into the caviiy Gy
applying a pressure that gives dynamic modulus of elasticity
of the resin at the normal temperature and normal pressure:
and

cooling the resin hardened by pressure and
continuing this cooling process until the resin is cooled to
a take-out temperaturé while reducing the pressure so as to
cancel out the rise of the dynamic modulus of elasticity due
to cooling.
(@) 4n injection molding method with stamping

compression according to Claim 3 wherein plasticized and
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measured thermoplastic rasin is 1njected to a plurality of
cavities formed 1n a single mold apparatus through a sprue
part, runner part, and zate part.

{5 An injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resia is injecited to a cavity through a sprue part. runner

2d witn a mold clampinz force
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, comprisiag:

sresaratorily measuriag a quantity of molten
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hermoplastic resin required for obtainin

molded nr more zad iajeciing into a cav.:ty having a »o.ume
teinz =2xpanded preparacorily to a volume largar tlan the sum
Af shs o voluyme 37 the 223 1o 22 mo.iad and 3 volumz 37

-
-
")

wolding shrinkaze due o the cooliag of said thermoplas:

nd heianz =2xpand=2d preparacorily to a sufiicieant

-
D
(%]
o
[43]

volume or more for preventing divided flow of flowing resin
l:s temperature being set at a level equal to or higher

-

temperature capasle of maiantaining injected resia 1in

o
j85]
jn}
[85]

a flowing state:

proceeding to the cavity volume reduction stage
after the injection operation progressed to a quantity
sufficient for the front eand position of the thermoplastic
resin in the flow condition to pass the portion of the
optical axis of the lens to be molded but before the total

quantity of the preparatorily measuread thermoplastic resin
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is injected:

eventually reducing in the cavity volume reduction
stage the injection pressure of the thermoplastic resin to a
retaining pressure not obstruction backflow of said
thermoplastic resin due to the reduction of the said cavity
having the possibility of being overcharged to the cavity and
allowing flow-in of said thermoplastic resin into the cavity
having the possibility of leaving unfilled portions and
reducing the volume of the cavity to a volume squal to the sum
of the volume of the leans to be molded and the volume of
molding shrinkage due to the cooling of said thermoplastic
resin under said retainiag pressure 1O the normal temperature

c I

and normal pressure, furtaer in this cavity volum= radua?’

o
o

stage performing injection operaticnat an injection gressurs
greatef fthan said retaining pressurs up 10 a point waen the
thermoplastic resin of a quantity necessary as well as
sufficient for maintaining the cavity free of unfilled portion
regardless of variation of flow-in resistance to the cavity
when the volume of the cavity is reduced to a volume equal to
the sum of the volume of the 1éns to be molded and a volume
of molding shrinkage due to the cooling of said thermoplastic
resin under the retaining pressure to the normal temperature
and normal pressure, reducing the volume of the cavity to a
volume not causing overcharge of the thermoplastic resin

causing backflow beyond allowable range by the injection
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operation at an injection pressure

pressure when the volume of said ca
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Qolume of molding shrinkage due to the cooling of said
thermoplastic resin under said retaining pressure to the
normal temperature and normal pressure:

sealing a sprue part when the behavior of the resin
in the cavity is stabilized:
and

cooling the resin injected ianto the cavity until
the resin is cooled to a taks-out remperature while applying
pressure and hardening the res{n.
{6} in injection moldiang method with stamping

compression according to Claim 5 wherein plasticized and

vy

measured thermoplastic rasin 1s injacted to a plurality o

-
1

e

[ubd

cavities formed ian a single mold anparatus throuzd a sSp9
part, runner part. and gaie part.
) in injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resin is injected to a cavity through a sprue part, runner
part, and gate part, and cooled with a mold clamping force
applied to manufacture a lens, comprising:

preparatorily measuring a quantity of molten
thermoplastic resin required for obtaining a lens to be
molded or more and injecting into a cavity having a volume
being expanded preparatorily to a volume larger than the sum
of the volume of the lens to be molded and a volume of

molding shrinkage due to the cooling of said thermoplastic
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resian and beinz =xpanded preparatoriily to a sufficient
volume or more for preveanting divided flcw of flowing resin
with its temperature being set at a level equal to or higher

than a temperature capable of maiantaining injected resin in

a flowing state:

proceeding to the cavity volume reduction stage
after the injection operation progressed to a quantitiy
sufficient for the froat end posiiioan ¢f the thermoglastiic
~2sia ta the flow condition to pass ihe oortion of thz
spiical axis of the leas to be molded bLut beliorz the lotal
quanticy of the oreparatority measurad thermogtiastiic resia
is inj=scred

evaniua. s r£=ducing 1 othe caviiy wolum= r2iuctiodn
stag2 the iajeciion prassure of the thermoplasiic r2sia 2o 2
re2taining oressure ao: obstruction dackilow of said

therwoplastic resin due to the reduction of the said cavity
having the possi2ility of being overcharged to the cavity and
allowinz flow-in of said thermoplas:tic resin iato the cavity
having the possibility of leaving unfilled portions and
reducing the volume of the cavity to a volume equal to the sum
of the volume of the lens to be molded and the volume of
molding shrinkage due to the cooling of said thermoplastic
resin under said retaining pressure to the normal temperature

and normal pressure, further ia tais cavity volume reduction

stage performing injection operation at an injection
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pressure greater than said retaining pressure up to a point
when the thermoplastic resin of a quantity necessary as well
as sufficient for maintaining the cavity free of unfilled
portion regardless of variation of flow-in resistance fo the
cavity when the volume of the cavity is reduced to a volume
equal to the sum of the volume of the lens to be molded and
a volume of molding shrinkaze due to the cooling of said
thermoplastic resin under the retaining pressure to the
normal temperaturs and aormal pressure. reducing the volume
of the cavity to a volume not causing ovarcharge of the

1

thermoplastic resian causing backflow tevond allowablie range

by the injection operation at an iajeciion oressurs 3reater
than the retaiaing sressure when the volume of said caviiy

is reduced to a volgme equal to the sum of the volume of the
lens to be molded and a volume of molding shrinkage due to
the cooling of said thermoplastic resin under said retaining
pressure to the normal temperature and normal pressure

by the time when the thermoplastic resin of a quantity
necessary as well as sufficient for maintaining the cavity
free of unfilled portion regardless of variation of flow-1in
resistance to the said cavity is injected when the volume of
the cavity is reduced to a volume equal to the sum of the
volume of the leas to be molded and a volume of molding
shrinkage due to the cooling of said thermoplastic resin

under said retaining pressure to the normal temperature and
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continuing this cooling process until the resin is cooled to

a take-out

cancel out

to cooling.

temperature while reducing

the rise of

the dvnamic
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(8 in injection molding method with stamping
compression according to Claim T wherein plasticized and
measured thermoplastic resin is injected to a plurality of
cavities formed.in a single mold apparatus through a sprue
part, runner part, and gate part.
Q) An injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resin is injected to-a plurality of cavities formed in a
single mold apparatus through a sprue part, runner cart, and
gate part., and cooled with a mold clamping force appiied (o
manufacture molded articles, compresing:

preparatorily measuring a quantity of moli2n
thermoplastic resin required for obtaining molded articles
to be molded or more and injecting into the plurality of
cavities having a volume being ;xpanded preparatority to
a volume larger than the sum of the volume of the molded
articles to be molded and a volume of molding shrinkage due
to the cooling of said thermoplastic resin and being
expanded preparatorily to a sufficient volume or more for
preventing divided flow of flowing resin with their
temperature being set at a level equal to or higher than a
temperature capable of maintaining injected resin in a
flowing state:

reducing the volume of said plurality of cavities

to a volume equal to the sum of the volume of the molded
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articles to be molded and a volume of molding shrinkage due
to the cooling of the thermoplastic resin before the total
quantity of the preparatorily measured thermoplastic resin

injected, reducing the injection pressure to a rataining

—-
w

pressure not obstructing backflow of said thermoplastic
resin due to the reduction of the said individual cavities
Naviag the possibility of being overcharged aand alloswing tne

-~ PP -~ W M
o thea cavities nav:iag

<he sozsibitity of leavinz unfillad pertions. and
~antro.ling the reduction speed of the volume ¢f saif

21173 cv of cavizies and :h2 iajection speed of thasz
thermop.astic rasia S0 thas tnere s o uaiicl=2doportiogaa in
sma inaiitvidual cavitiss whea the Volume of the siurzliin o of
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thermopolastic resia:
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sealinz a sprue part when the behavior of :n

¢}

he cavities are stabilized:

-
o}
vt

and

cooling the resin injected into the plurality of
cavities until the resin is cooled to a take-out temperature
while applying pressure and hardening the resin.
10) An injection molding method with stamping

compression wherein plasticized aand measured thermopiastic
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resin is injected to a plurality of cavities formed in a
single'mold apparatus through a sprue part, runner part, and
gate part, and cooled with a mold clamping force applied to
manufacture molded articles, compresing:

preparatorily measuring a quantity of molten
thermoplastic resin required for obtaining a molded articles

to be molded or more and injecting into the plurality of

vy to

——

cavities having & volume beingz expanded preparatort
a volume larger than the sum of the volume of the molded
articles to be molded and a volums of molding shrinkage due
to the cooling of said thermoplastic resin aand teing
expanded greparatorily to a sufficient volume or mores for
oreveniing divided flow of {lowiag resia with taeir
temperature being set at a level equal to or higner than a
temperature capable of maintaining injected resia ia a
flowing state:

reducing the volume of said plurality of cavities
to a volume equal to the sum of the volume of the molded
articles to be molded and a volume of molding shrinkage due
to the cooling of the thermoplastic resin before the total
quantity of the preparatorily measured thermoplastic resin
is injected, reducing the injection pressure to a retaining
pressure not obstructing backflow of said thermoplastic
resin due to the reduction of the said individual cavities

having the possibility of being overcharged aand allowing the



Lr U oou 000 AL

48

flow-in of

said thermoplastic resin to the cavities having
the possibility of leaviag unfilled portions, and
controlling the reduction speed of the volume of said
plurality of cavities and the injection speed of the
thermoplastic resin so that there is no unfilled portion in
the iadividual cavities when the volume of the plurality of

»

cavicies are reduced to a volume squal to the sum of tae

valame »f *he molded articles to Se molded and :the volume of
she molding shriankage duz to tne cooliag of the

thermoplastic resin:

(9]
-

sealing a sorue par: wnen th2 behavior of tie rasin
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cooling the resia hardened by pressure and

continuinz this cooling process until the resin is cooled to

ou

a take-out temperature while reducing the pressure so as (o
cancel out the rise of the dynamic modulus of elasticity due
to cooling.

(11) in injection molding method with stamping
compression wherein plasticized and measured thermoplastic
resia is injected to a plurality of cavities formed in a

single mold apparatus through a sprue part, runaer part, and



EP 0 380 €88 At

49

gate part, and cooled with a mold clamping force applied to
manufacture molded articles, compresing:

preparatorily measuring a quantity of molten
thermoplastic ;ésin required for obtaining molded articles
to be molded or more and injecting into the plurality of
cavities having a volume being expanded preparatorily to
a volume larger than the sum of the volume of the molded
articles to.be nolded and a volume of molding shrinkage due
to fhe cooling of said thermoplastic resin and hbeing

expanded preparatorily to a sufficient volume or more for

oreventing divided flow of flowing resin with their

[
¥
)
et |
s8]

temperature being set at a lavel equal to or higne
temperature capable of maintaining injecced resin in a
flowing state:

proceeding to the cavity volume reduction siage
before the total quantity of the preparatorily measured
thermoplastic resin is injected:

eventually reducing in the cavity volume reduction
stage the injection pressure of the thermoplastic resin to a
retaining pressuré not obstruction backflow of said
thermoplastic resin due to the reduction of the said individual
cavities having the possibility of being overcharged to the
cavities and allowing flow-in of said thermoplastic resin
into the cavities having the possibility of leaving unfilled

portions and reducing the volume of said plurality of
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cavities to a volume esqual to the sum of the volume of the
molded articles to be molded and the volume of molding
shrinkaze due to the cooling of said thermoplastic resin

under said retaining pressure to the normal temperature and

normal pressure, further ian this cavity volume reduction

serforming injection operation at an injection
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<y
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oressurs greater than said retaining pressure up to a poiat

quantity a=2cessary as well
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as sufficieatr for maintaininz the individual cavi:iies free

nf unfilled nortion regarfless of vartation of flow-in
ragistance ©o the caviiies ~hen the volume of the cavities

are r=duced 0 & wOlume e£qua:r to tae sum of the voiume of
cne mo.d2d arcicies o e worded and a voiume 7 woi1ding
shrinkaze due to the2 cooling of said thermocolastic resin

retaiala the normal -emperaiure and
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thermoplastic resin causing vac
by the injection operation at an injection pressure greater
than the retaining pressure when the volume of said cavities
are reduced to a volume esqual to the sum of the volume of
the molded articles to be molded and a volume of molding
shrinkage due to the cooling of said thermoplastic resin'

under said retaining pressure to the normal temperature and

normal pressure by the time when the thermoplastic resin of
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a quaniity necessary as well as sufficient for méintaining
the individual cavities free of unfilled portion regardless
of variation of flow-in resistance to the said cavities is
injected when the volume of the cavities are reduced to a
volume equal to the sum of the volume of the molded articles
to be molded and a volume of molding shrinkage due to the
cooling of said thermoplastiérresin under said retaining
preséure to the normal temperature and normal pressure,

lowering the injection pressure to said retaining pressure

b

and reducing the volume of said olurality of cavities to a
volume squal to the sum Af the volume of the molded articles
to be molded and a volume of molding shrinkage due to the
cooling of said thermoplastic resia under said r2taining

pressure to the normal temperature and normal pressure aftler
the time when the :thermoplastic resin of a quan:tity
necessary as-well as sufficient for maintaining the
individual cavities free of unfilled portion regardless of
the variation of flow-in resistance to said cavities is
injected when the volume of said cavities are reduced to a
volume equal to the sum of the volume of the molded articles
to be molded and a volume of molding shrinkage due to the
cooling of said thermoplastic resin under said retaining
pressure to the normal temperature and normal pressure

sealing a sprue part when the behavior of the resin

in the cavities are stabilized:



EP 0 380 688 A1l

2

w

and

cooling the resin injected into the plurality of
cavities until the resin is cooled to a take-out temperature
while applying pressure and hardening the resia.

(

2) in injection molding method with stamping

[

compression wherein plasticized and measured thermoplastic

resin is injected to a plurality of cavities formed in a

siagi= moid apegaratus through a sprue part. ruaner gart, aad

oolad with a mold clamping force applied to

ou
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48]
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w

manufactur2 molded ar compresing:

oreparacorily m=sasuring a guantity of mol

o

thermopiasiic resin regu.red for o2caining moided articles
<3 Se xoiied or more aad ialscting lato th2 DrurailLly of
cavicies having a volume 5elng =2xpaaded presaraioriiy to

2 veolume larger than the sum of the vwolume of the wmolded
articles to be molded and a volume of molding shrinkage due

10 the cooling of said thermoplastic resin and being
expanced preparatorily to a sufficient volume or more for
preventing divided flow of flowing resin with their
temperature being set at a level equal to or higher than a
temperature capable of maintaining injected resin in a
flowing stafe:

proceeding to the cavity volume reduction stage

before the total quantity of the preparatorily measured

thermopiastic resin is ianjected:
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eventually reducing in the cavity volume reductiion
stazge the injection pressure of the thermoplastic resin to a
retaining pressure not obstruction backflow of said
thermoplastic resin due to the reduction of the said individual
cavities hav%ng the possibility of being overcharged to the
cavities and allowing flow-in of said thermoplastic resin
into the cavities having the possibility of leaving unfilled
portions and reducing the volume of said plurality of
cavities to a volume equal to the sum of the volume of the
molded articles to be molded and the volume of moldingz

-
L

oy

shrinkage due to the coolinzg of said thermoplasiic ras

48]
~
[»5]
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[
4
<1}
o
o
.

under said retaining pressure to the normal temp

v

aormal gressure. ‘urther in this cavily yolume reduction
stage performing imjection oparation at an injection
pressure greater thaa said retainiag pressure up {0 a point
when the thermoplastic resian of a quantity necessary as well
as sufficient for maintaining the individual cavities free
of unfilled portion regardless of variation of flow-in
resistance to the cavities when the volume of the cavities
are reduced to a volume equal to the sum of the volume of
the molded articles to be molded and a volume of molding
shrinkage due to the cooling of said thermoplastic resin
under the retaining pressure to the normal temperature and
normal pressure, reducing the yolume of the plurality of

cavities to a volume not causing overcharge of the
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thermoplastic resin causiang bacxkflow beyond allowable range
by the injection operation at an injection pressure greater
than the retaining pressure when the volume of said cavities
are reduced to a volume esgqual to the sum of the volume of
the molded articlaes to be molded and a volume of molding

shriak due to the cooling of said thermoplastic resin

[83]
o
[¢8)

ynder said retaining pressure to the normal temperature and

ayrmal 2ressure by the :tine when ths thermoolastic resin of
a guaaniiiy necassary as w2!ll as sufficient for maintaininag
the iadividual cavities free of unfilied portion rezardless

inj=c:2d wnen :the2 volusz 0f ine Cav:iiies are reguced 16 a
Sy iams scual o -hne sum Of the volume of the moidsd arcicl=s
t3 5o mo'ded and 2 volume of moldiag shrinxage dus to the
cooling of said cthermopiastic resia under said reialnlag

o8}
<7
fons
o

oressure to tne normal temper e and normal pressure.
loweriag the injection pressure io said retaining pressure
and reducing the volume of said pluralicy of cavities to a
volume equal to the sum of tiae volume of the molded articles
to be molded and a volume of molding shriankage due to the
cooling of said thermoplastic resin under said retaining
pressure to the normal temperature and normal pressure after
the time when the thermoplastic resin of a quaatity

aecessary as well as sufficient for maintainiag the

individual cavities free of unfilled portion regardless of
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the variation of flow-in resistance to said cavities is
injected when the volume of said cavity are reduced to a
volume equal to the sum of the volume of the molded articles
to be molded and a volume of molding shrinkage due to the
cooling of said thermoplastic resin under said retaining
pressure to the noemal temperature and normal pressure

sealing a sprue part‘when the behavior of the resin
in the cavities are stabilized:

hardeniang the resin injected into the cavitiss by
applying a pressure that gives dvnamic modulus of elasticity
of the resin at the normal temperature and normai pressure:

and

cooling tne T

[N

o)
(3

sin hardened by pressure

48]

y—
U
(&)
<
(L
=
o
(o]

continuing this cooling process until the resin
a take-out temperature while reducing the pressure so as L0
cancel out the rise of the dynamic modulus of elasticity due

to cooling.
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FIG.3

Melt raw |
material resin

Set mold temperature
to 130°C

96°/s of
preparatorily measured

volume injected

Advance piston until
cavity volume becomes
150°% of product

Advance piston until
cavity volume becomes
105°/6 of product

]

l

Start preparatory
measuring

j— |

Plunger
position = P

Cavity volume
stable

Y

Seal gate

Start injection

preparatorily measured
volume injected

Cavity temperature
stable

Mold clamping pressure

1013kgf/cm?

1

Injection pressure
100kgf,“cm?2

Decrease pressure as
temperature decreases,
and cool while maintaining
dynamic modulus of
elasticity

Advance piston 5

preparatorily measured
olume injected

Take-out temperature

Take out product

Advance piston until
cavity volume becomes
110°/o of product

I

Injection pressure
30kgf/cm?2

{

End



EPO380688 AT ., ...,

3 Ba 31 320 4 100%
_ 150%
36 30
Q L }-37
\

FIG.5
72T
13 33a é 31 2 32 100 o0




EP 0 380 688 A1

FIG.6

Yzt

7 31 100%
3 33q % 32a 32 105%
P
36 /—/30
L 37
A,

FIG.7

Uttt vz 7 == '
33 33a 31 100%,

32a 32 105%,
36 — — 30

=

NN

~



INTERNATIONAL SEARCH REPORT
International Application No  PCT/JP89/00710

l. CLASSIFICATION OF SUBJECT MATTER (i severai classification symbois apply, indicata all) ¢

According to International Patent Classification (IPC) or to both National Classification and IPC

Int. c1* B29C45/56, 45/70, 45/76
il. FIELDS SEARCHED
Minimum Documentation Searched 7
Classification System ] Classification Symbols
|
i
ipcC ; B29C45/56, 45/76, 45/77, 45/80, 45/70
. Documentation Searched other than Minimum Documentation
to the Extent that such Documents are Included in the Flelds Searched 2
Jitsuyo Shinan Koho 1938 - 1989
Kokai Jitsuyo Shinan Koho 1971 - 1989
lIl. DOCUMENTS CONSIDERED TO BE RELEVANT ¢
Category * \ Citation of Document, ! with indication, where appropriate, of the relevant passages 12 | Relevant to Claim No. 13
l
A | JP, A, 63-139720 (Aida Engineering Ltd.) 1 - 12

11 June 1988 (11. 06. 88)
! Claim (Family : none)

A JP, A, 55-39355 (Keiden Kogyosho Pl - 12
Kabushiki Kaisha) !
19 March 1980 (19. 03. 80)
Claim (Family : none)

* Special categories of cited documents; 10 “T" later document published after the intemational filing date or

wprn . iam priority date and not in confilct with the application but ci_ted to
A cc!g:girg:?etddteglgleng'tggn?gglearra::lt;t:ngfethe art which is not understand the pnnciple or theory underiying the invention

“g" i Y i f i X" document of particuiar relevance: the claimed invention cannot
E ﬁﬂ:sge;:tzcument but published on or after the international be considered novel or cannot be considered 10 invoive an

inventive step
L a?’?é';,n iesmc;vggf:g E:tyaglril;gwthio}jaztbsﬁg;lg: %?tya %lf 'z,‘gzhg, Y" document of particular relevance: the ciaimed invention cannot
a

itati i 3 be considered 1o involve an inventive step when the document
citation or other special reason (a3 specified) , is combined with one or more other such documents, such
“O" document referring to an oral disclosure, use, exhibition or combination being obvious to a person skilied in the art

other means “&" document member ol the same patent family
“P" document published prior to the international filing date but
later than the prionty date ciaimed

V. CERTIFICATION

Date of the Actual Completion of the International Ssarch Date of Mailing of this international Search Report
October 2, 1989 (02. 10. 89) October 16, 1989 (16. 10. 89)
international Searching Authority Slgnature of Authorized Officer

Japanese Patent Office

Form PCT/ISA/210 (second sheet) (January 1985)




	bibliography
	description
	claims
	drawings
	search report

